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B paboTe npe^cTaBJieHbi pe3yjibTaTbi aHajiH3a oco6eHHOCTeii 3KcnpecciiH, JiOKajiH3a- 
mii h CTpyKTypbi cy6THHH3HH no,ao6HOH npoTeHHa3bi MHKpocnopH^HH Paranosema lo¬ 
ci stae — napa3HTa nepejieTHOH capaHHH h pxjxa ^pyrnx bh^ob npflMOKpbiJibix. reiepono- 
rHHHan 3KcnpeccH« (})epMeHTa MUKpocnopn^HH b OaKTepnax E. coli no3BOJiHJia nojiyHHTb 
aHTHTena k peKOM6iiHaHTHOMy 6ejixy h npncTynHTb k ero H3yHeHHK>. HecMOTpa Ha npn- 
cyTCTBHe b codaBe (J)epMeHTa N-KOHuesoro cnrHaJibHoro nenra^a, noTeminajibHO cno- 
co6Horo obecneqHTb ero ceKpeuHio b UHTonjia3My 3apa>KeHHOH KJieTKH X03flHHa, HMMy- 
HoOjiOTTHHr c nojiyneHHbiMH aHTHTejiaMH noKa3aji cneim<j)HHHoe HaKonneHHe npoienHa- 
3bl B HepaCTBOpHMOH ([)p3KUHH TOMOreHaTa cnop. IIpH 3TOM (J)epMeHT OTCyTCTBOBaJI B 
CTa^HHX BHyTpHKJieTOHHoro pa3BHTHfl napa3HTa h b UHToruia3Me 3apa>KeHHbix KJieTOK xo- 
3HHHa. HaKonneHHe mPHK, KO^npyiomeH H3ynaeMbiH OejioK, b cnopax MHKpocnopHflHH 
6biJio no^TBep^eHO c noMombio OT-niJP. reTepojiorHHHaa 3Kcnpecciifl npoTea3bi b 
^po>K>KeBbix rpn6ax Pichia pastoris noKa3ajia aHajiorHHHbiii pe3yjibTaT. OepMeHT P. lo- 
custae He ceKpeTHpoBajica b KyjibTypaJibHyio cpe^y h oTcyrcTBOBaJi b qHTonjia3Me ,upo>K- 
>KeBbix KJieTOK, HaKanjiiiBa^cb b HepaCTBOpHMOH (MeM6paHHOil) <J>paKUHH roMoreHaTa. 
B qejioM nojiyneHHbie ,zjaHHbie CBH^eTejibCTByio o tom, hto cy6THJiH3HH-no,zjo6Hafl npoTe- 
HHa3a P. locustae \ CKopee, nrpaeT Ba>KHyio pojib b <|>H3HOJiorHH cnop, neM b napa3HTO-xo- 
3HHHHBIX OTHOIlieHHflX npil BHyTpHKJieTOHHOM p33BHTHH. 

Kjuouecbie cnorn: Paranosema locustae , MHKpocnopH^HH, napa3HT0-X03AHHHbie otho- 
rneHHH, ceKpeqnH 6ejiKOB, npoTeiiHa3bi. 


MHKpocnopHAHH — rpynna poACTBeHHbix rpn6aivi oSjiHraTHbix BHyTpHKJie- 
TOHHblX 3yKapH0THHeCKHX napa3HTOB, OCBOHBLLIHX Hpe3BbIHaHHO LUHpOKHH 
Kpyr xo3JieB, ot npoTHCTOB ao MJieKonHTaiomHx. B OTJiHHue ot npeACTaBHTe- 
jien Apyrax TaKCOHOB BHyTpHKJieTOHHbix napa3HTOB, tbkhx KaK Kinetoplastida 
hjih Apicomplexa, MHKpocnopH.n.HH b noAaBJunomeM GojibiiiHHCTBe cjiynaeB 
pa3BMBaioTC5i Henocpe^CTBeHHO b u;HTonjia3Me 3apa)KeHHofi KJieTKH, He o6pa- 
3yn napa3HTO(|iopHyK) BaKyojib (Hcch, 1986). TaKOH TecHbiH KOHTaKT c xo3jih- 


337 



hom no,zjpa3yMeBaeT cjio^chmh h pa3HOo6pa3Hbiii xapaKTep napa3HTO-xo3flHH- 
HblX OTHOUieHHH. Cpe^H CnOCoGOB B03,ZteHCTBHfl BHyTpHKJieTOHHbIX napa3HTOB 
Ha 3apa>KeHHyK) KJieTKy sa^Hyio ponb MO^ceT HrpaTb ceKpemm 6ejiKOBbix mo- 
neKyji napa3HTa, cnoco6Hbix BMeuiHsaTbCH b peryjiflTOpHbie ny™ h CHraajib- 
Hbie KacKa^bi xcmHHa. Y npeACTaBHTejieii Apicomplexa h Kinetoplastida no- 
^o6Hbie GejiKOBbie cjiaKTOpbi naToreHHOCTH abjiaiotcji npe^MeTOM aKTHBHoro 
H3yneHH5i b nocjiemme AecaTHJieTHJi (Swan etal., 2001; Nandan etal., 2002; 
Ravindran, Boothroyd, 2008). 

KoMnbiOTepHbiH aHajiH3 reHOMa MHKpocnopH^HH Paranosema locustae — 
napa3HTa capaHHH Locusta migratoria no3BOJiHJi BbuiBHTb ijejibiH pranoTe- 
THnecKHx ceicpeTOpHbix 6ejiKOB, noTeHUHajibHO cnocoSHbix ynacTBOBaTb b na- 
TOreHHOM B03ACHCTBHH Ha OpraHH3M HaceK0M0r0-X03JIHHa, nOCKOJlbKy OHH 
o6jia^,aK)T Ha N-KOHije cnrHajibHbiM nenTH^OM (dl), oGycjiOBJiHBaioiimM 
nocTynjieHHe b ceKpeTOpHbin nyTb (Jifinrux u £p., 2010a). reTepoJiorHHHaa 3k- 
cnpeccra h HMMyHOJiOKajiroamw HeKOTOpbix H3 3thx 6ejiKOB noKa3ajia, 
HTO MHOrne H3 HHX ^eHCTBHTCJIbHO CeKpeTHpyK)TC5I MHKpOCnOpHAHeft B KJieTKy 
X03^HHa. B HaCTHOCTH, C nOMOmbK) HMMyHO(J)JlK)OpeCUieHTHOH MHKpOCKOnHH 
Mbi npo^eMOHCTpHposajiH ceKpeuHio napa3HTOM reKCOKHHa3bi h HaKonjieHHe 
ee b kjx pax 3apa>KeHHbix KJieTOK )KHpOBoro Tejia capaHHH (Senderskiy et al., 
2014). 

OKa3ajiocb BecbMa HHTepecHbiM, hto cpe^H nocjie^OBaTejibHOCTen P. locus¬ 
tae , KO^HpyiOLUiHX pa3J!HHHbie (J)OpMbI npOTeHHa3, HaMH He 6bIJ10 BbmBJieHO HH 
oahoh, oGjia^aioineH CTI. TaK KaK npOTeojiHTHHecKHe <J>epMeHTbi nacro ceKpe- 
THpyiOTCfl npe^CTaBHTeJI^MH O^HOKJieTOHHblX H MHOTOKJieTOHHblX napa3HTOB 

(Bossard etal., 2013), cjie^OBajio 05KH,ztaTb HajiHHHe npOTeHHa3 h b cociaBe 
ceKpeTOMa MHKpocnopH^HH. O^hoh H3 rpynn npOTeHHa3, Hrpaioumx Ba^cHyio 
pOJlb BO B3aHMO,aieHCTBHH C X03AHHOM y MHOTHX TaKCOHOB napa3HTOB, flBJHHOT- 
ch cy6THJiH3HH“no,iiio6Hbie npOTeHHa3bi (SLP). Y 3HTOMonaToreHHoro rpH6a 
Metarhizium anisopliat (Ascomycota) ceKpeumi SLP HeoGxo^HMa jxnn pa3py- 
rneHHH KyTHKyjnipHbix noKpOBOB HaceKOMoro-xo3flHHa (Small, Bidochka, 
2005). Bo36ya,HTeJib MajwpHH Plasmodium falcipamm (Apicomplexa) ceKpe- 
THpyeT SLP b napa3HTO(f>opHyK) saKyojib, rjie .zjaHHbiH <J>epMeHT ynacTByeT b 
npouecce Bbixo^a Mep030HT0B H3 KJieTOK neneHH h 3pHTpou,HTOB, a TaK)Ke b 
pacmenjieHHH noBepxHOCTHbix 6ejiKOB caMoro njia3MO,zjHfl, HeoSxo^HMbix rjih 
npHo6peTeHHH napa3HTOM choco6hocth nopa)KaTb ^pyrae KJieTKH xo3^HHa 
(Agarwal et al., 2012; Tawk et al., 2013). 

AHajiH3 5'-(j)JiaHKHpyiomeH o6jiac™ reHa cy6rajiH3HH-no^o6HOH npoTen- 
Ha3bi P. locustae (ORF 939) bbijibhji b toh TKe paMKe CHHTbrcaHmi eme ,zma 

CTapTOBbIX KO^OHa, KO^HpyiOIItHX OCTaTKH aMHHOKHCJlOTbl MeTHOHHHa, HTO no- 
3BOJ1HJ10 npe^nOJlO^CHTb, HTO (jiepMeHT MHKpOCnOpH^HH MOHCeT B ^eHCTBHTeJlb- 
HOCTH HMeTb y^JlHHeHHblH N-KOHeil, no CpaBHeHHK) C (J)OpMOH, BblHBJieHHOH 
npH paciiiHcjipOBKe reHOMa napa3HTa (pnc. 1, 6 ). FlocKOJibKy KOMnbiOTepHbin 
aHajiH3 ,aocTOBepHo bm^bhji HajiHHHe Cn y o6enx <J)opM SLP c ^onoJiHHTejib- 

HOH aMHHOKHCJlOTHOH nOCJie^OBaTeJlbHOCTbK), .ZjaHHblH 6eJ10K OKa3aJlC^ eme 
o^hhm KaH^H^aTOM Ha pOJib ceKpeTHpyeMoro <J>aKTopa P. locustae , ynacTByio- 
mero b B 03 £eficTBHH Ha KJieTKy xo3flHHa. 3to o6ycjiOBHJio HHTepec k ero ^ajib- 
HenmeMy 3KcnepHMeHTajibH0My mynenmo. 

nidP-aMnjiH(j)HKauH^, KJiOHHpOBamie h reTepojiorHHHafl OKcnpeccmi reHa, 
KO^Hpyiomero H 3 ynaeMbiH (J)epMeHT b OaKTepHHx E. coli ho3bojihjih Hapa6o- 
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Puc. 1. AHajiin cTpyKTypti cy6THJiH3HH-no^o6HOH npoTeiiHa3E>i P. locustae. 
a — flOMeHHafl opramrcamiH SLP, onpeaejieHHaa c noMombio cepBepoB Pfam h SignalP. SP — curHajibHbifi 
neimm (1—26 aMHHOKHCJioTHbifi ocTaTOK); 19 — npoaoMeH «inliibitor 19» (35—112 aMHHOKHCJioTHbifi ocTa- 
tok); PS8 — ynacTKH KaTanuTHHecKoro aoMeHa «peptidase_S8» (173—278 h 292— 489 aMHHOKHCJioTHbifi 
ocTaTOK). 6 — aHanH3 5'-$JiaHKHpyK>meH o6jiacTH reHa SLP. B npeaenax ojihoh OTKpbiTOH paMKH cMHTbiBaHHa 
o6Hapy>KeHO eme ,aBa MeTHOHHHOBbix ocTaTKa. 

Fig. 1. Analysis of the structure of P. locustae subtilisin-like protease. 


TaTb peKOMGHHaHTHbiH 6ejiOK h nonyHHTb k HeMy cneu,H(J)HHHbie aHTHTena. 
HMMyHo6jiOTTHHr c ammenaMH k peKOMGHHaHTHOMy GejiKy noKa3an cneim- 
(J)HHHoe HaKonjieHHe npOTeHHa3bi b HepacTBOpHMOH (J)paKu,HH roMoreHaTa 
cnop. npH 3T0M (J)epMeHT OTCyTCTBOBaJI KaK B CTa^HfiX BHyTpHKJieTOHHOrO pa3- 
bhthji napa3ma (Mepomax h cnopOHTax), TaK h b umoroia3Me 3apa)KeHHbix 
KJieTOK xo3^HHa. HaKonneHHe mPHK, KO^HpyiomeH roynaeMbiH GejiOK, b cno- 
pax MHKpocnopH^HH 6biJio no,aTBep}K^eHO c noMombio mj,P c o6paTHoii 
TpaHCKpHnuHefi (OT-nH,P). TeTepojiorHHHaji 3Kcnpeccmi «yzi;jiHHeHHOH» npo- 
Tea3bi b ,zjpo)iOKeBbix rpn6ax Pichia pastoris noKa3ajia aHanorHHHbiH pe 3 yjib- 
TaT. OepMeHT P. locustae He cetcpeTHpOBajicji b KyjibTypajibHyio epe^y h ot- 
cyTCTBOBan b uHTonjia3Me apoiOKeBbix KJieTOK, HaKamiHBaflCb b HepacTBOpH- 
moh (MeMGpaHHoft) (JipaKUHH roMoreHaTa. 


MATEPHAJI H METO^HKA 

KoMnbiOTepHbiH aHajiH3 nocne^OBaTejibHOCTefi 

riocne^oBaTejibHocTb roynaeMoro reHa MHKpocnopH^HH P. locustae Haxo- 
RUTcn b cbo6ootom ^ocTyne Ha came http://forest.mbl.edu/cgi-bin/site/anto- 
nosporaOl npoeiera no pacniH(J)pOBKe reHOMa 3Toro BH^a (Antonospora locus¬ 
tae Genome Project, Marine Biological Laboratory at Woods Hole, funded by 
NSF award number 0135272). nocjie^OBaTejibHocTb aHajiora SLP y N. bomby- 
cis HaxozmTCfl Ha came http://www.ncbi.nlm.nih.gov/ HaimoHajibHoro uempa 
GHOTexHOJiorHHecKOH HH(|)opMauHH (NCBI) C1UA. AHajiH3 npoBo^HJiH c no- 
molu,bk> naKeTa nporpaMM jx Jifl MOJieKyjiapHOH 6 hojiofhh DNASTAR(r) Laser- 
gene 5.05. 

/foMeHHyio CTpyKTypy bejiica onpe^ejiajiH c noMomtio Pfam (http://pfam.ja- 
nelia.org/). HajiHHHe cnrHajibHoii nocne^OBaTejibHoc™ npOBepajiH c no- 
molu,bk) cepBepoB SignalP 4.0 (http://www.cbs.dtu.dk/services/SignalP/), Tar- 
getP (http://www.cbs.dtu.dk/services/TargetP/), PrediSi (http://www.predi- 
si.de/index.html). HajiHHHe TpaHCMeM6paHHbix ztOMeHOB npOBepajiH c 
noMom,i>io cepBepa TMHMM (http://www.cbs.dtu.dk/services/TMHMM/). 
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rio^^ep^caHHe KyjibTyp c ap a h h n h napa 3 HTa 

KyjibTypa nepejieTHoii capaHHH 6biJia nouyneHa ot 6e3Ananay3Horo H30JW- 
Ta Locusta migratoria migratorioides HHceKTapna MocKOBCKoro 30onapKa. 
Bca capaHna othochtca k CTa^HOH (J)opMe. no,zwep>KaHHe KyjibTypbi n 3apa^ice- 
HHe HaceKOMbix, npenapnpOBamie 3apa^ceHHoro mipOBoro Tejia capaHnn ocy- 
mecTBJiMH no MeTOOTKe, onncaHHon Cokojioboh h JIaHroM (Sokolova, Lange, 
2002). Bbi^ejieHne cnop n CTa^HH BHyTpHKJieTOHHoro pa3BHTHJi MHKpocnopn- 
nn ocymecTBJi^jin c noMOinbio u;eHTpH(J)yrHpOBaHH^ b rpa^neHTe njiOTHOCTH 
riepKOJiJia, KaK 6buio onncaHO paHee (Seleznev et al., 1995). 


OT-niJP aHajiH3 

OT-niJP aHajiH3 TpaHCKpnnTOMa cnop n CTa^nn BHyTpHKJieTOHHoro pa3BH- 
thji P. locustae ocymecTBjnuiH no paHee onncaHHon MeTO^HKe (,H,0Jirnx n ,zjp., 
20106). 


rionyneHne a ht n t e ji k 6ejiKy SLP 
MHKpocnopH^HH P. locustae 

JlJin aMnjin(J)HKauiHn reHa SLP ncnojib30Bajin npflMon npanMep 5' CCATG- 
GATCCATGTTCAAAAGGCCCGAGGGCGTT 3' n oGpaTHbin npanMep 
5' GTCAGAATTCACGTATCCTCGTGAGTCTC 3'. rnjP-aMroin^HKanna ko- 
nnn KO^npytoiunx reHOB 6buia ocymecTBJieHa c noMombio bmcokotohhoh Pfu 
JJ}iK nojinMepa3bi (Fermentas, JlnTBa). B KanecTBe MaTpnuibi ncnojib30Bajin 
reHOMHyio JJBK napa3HTa, Bbi^ejieHHyK) no paHee onncaHHon MeTO^HKe (Dol¬ 
gikh et al., 2009). ntl,P-npo^yKTbi BbmejmiH H3 arap03Horo rejia n BCTpanBann 
b BeKTOp pRSET A (Invitrogen, C11IA) no camaM pecTpHKu;nn BamHl n £coRI 
c coxpaHeHneM paMKH CHHTbiBaHHJi. DKcnpeccna peKOM6nHaHTHoro 6ejiKa b 
6aKTepnax E. coli (uiTaMM C41), HMMyHroainm ^chbothbix, nonyneHne n ohh- 
CTKa nonnKJiOHajibHbix aHTHTen 6bijih ocymecTBJieHbi no paHee onncaHHon Me- 
Txwnce (/], 0 Jirnx n £p., 2012). 


DiccnpeccHfl SLP b k ji e t k a x Pi chi a past oris 

mj,P aMnjin(J)nKannK) reHa, KO^Hpyiomero SLP c CTI, ocymecTBjnuin TaK 
)Ke, KaK onncaHO Bbirne, c Hcnojib30BaHHeM npflMoro npaihviepa 5' CCATGG- 
ATTCATGAAACAGCTCTTGTTGATAAACA 3' h o6paTHoro npaiiMepa, 
aHajiornHHoro ncnoJib30BaHHOMy nnn 6aKTepnajibHon OKcnpeccnn. BcTpanBa- 
Hne aMnjin(J)nu;npOBaHHoro <J)parMeHTa ocymecTBjnuin no canTaM pecTpnKnnn 
Bam HI n EcoR\ b BeKTope pPlC3.5. BeKTOp JinHeapn30Bajin no cafhy pecT- 
pHKn,HH Sacl n ncnoJib30BaJiH RJin TpaHc^opMannn ^po^c^cen mctorom 3JieKT- 
ponopannn c noMonjbio ycTaHOBKH Electroporator 2510 (Eppendorf, TepMa- 
hhh). KneTKn oca^ajin n,eHTpH(J)yrHpOBaHHeM n BbicenBajin b nauiKn LleTpH 
Ha MD arap 03 HyK) cpe,zjy (1.34 % YNB 4 X 10- 5 %-HbiK 6hothh 2%-Haa ,zjeKCT- 
p03a), nocjie Hero HHKyGnpOBajiH b TeneHHe 3 cyT npn 28 °C. 
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Ka)K^yK) kojiohhk) jipoyKyKtu HHOKyjiHpoeajiH b 5 mji cpe^bi BMGY 
(1%-HbIH ^ipO^C^CeBOH 3KCTpaKT, 2%-HbIH nenTOH, 100 mM KaJlHH-(|)OC(J)aTHbIH 
6y(J>ep (pH 6.0), 1.34%-Hbin YNB, 1%-Hbiii rmmepoji) h HHKy6HpOBajiH Ha 
meHKepe npH hoctoahhom nepeMeuiHBaHHH 2 cyT npH TeMnepaType 28 °C. 
BbipameHHbie kjictkh oca>KAajiH npH 3000 g u nepeHOCHJiH b 5 mji cpe^bi 
BMMY (1%-Hbift ^po^c^ceBoii OKCTpaKT, 2%-hbih nenTOH, 100 mM KajiHH-(J)oc- 
(J>aTHbiH 6y(J>ep (pH 6.0), 1.34%-Hbiii YNB, 1%-Hbiii MeTaHOJi) h HHKyGnpOBa- 
jih Ha meHKepe npH hoctoahhom nepeMemHBaHHH 3 cyT npH TeMnepaType 
28 °C, £o6aBJuui Ha BTOpbie cyTKH no 0.25 mkji MeTaHOJia b KayKjiyKt KOJi6y. 
KjieTKH ^po^c^ceft OT^ejuuin ot KyjibTypajibHOH cpe^bi u,eHTpH(J)yrHpOBaHHeM 
npH 3000 g. KjieTKH, pa3Be,meHHbie b 50 mM Tris 6y(J)epe, a TaK^ce KyjibTypajib- 
Haa cpe^a, CKOHueHTpHpOBaHHan b 50 pa3 c noMombio K0Hu,eHTpaT0pa Micro- 
con (Millipore, CIUA), 3a,zjep>KHBaK)mHM GejiKH 6ojibme 10 K,H,a, Hcnojib30Ba- 
JlHCb RJIX npHTOTOBJieHHJI GeJIKOBbIX npo6 RJ1H 3JieKTpO(J)Ope3a. 

J\jix onpe^ejieHra jiOKajiH3au,HH 6ejiKa b KJieTKax P. pastoris Apo^oKeBbie 
KjieTKH nocjie MeTaHOJi-HH^yuHpOBaHHOH OKcnpeccHH 6biJi pa3pymeHbi BCTpa- 
xHBaHHeM c 2.5 mm CTeKJWHHbiMH mapHKaMH (BDH, UK) b TS pacTBOpe 
(50 mM Tris-Cl [pH 8.0] h 0.3 M caxap03a) b TeneHHe 30 mhh npH 4 °C. Kjie- 
TOHHbin ,ae6pHC yzjajuuiH ueHTpH(|)yrHpOBaHHeM npH 270 g b TeneHHe 5 mhh, 
nocjie nero npo6y ueHTpH^yrapOBajiH Ha 14 000 g b TeneHHe 20 mhh. Oca,zjOK 
OTMbmajiH b TS h pecycneH^HpOBajiH b o6beMe TS, paBHOM o6beMy cynepHa- 
TaHTa. H3 o6enx (J)paKUHH totobhjih GejiKOBbie npo6bi h aHanH3HpOBajiH c no- 

MOIH,bK) HMMyHOSjlOTHHTa. 


npHTOTOBJieHHe GeJIKOBbIX npo6 H HMMyHOGjIOTHHT 

npHTOTOBJieHne SejiKOBbix npo6 pa3JiHHHbix CTa^HH >KH3HeHHoro uHKjia na- 
pa3HTa, KJieTOK 3apa>KeHHoro h He3apa5KeHHoro mipOBbix Teji h hx aHajiH3 c 
noMombio HMMyHoGjiOTHHra 6biji no,zjpo6HO onncaH paHee (/Jojithx h £p., 
2012 ). 


PE3YJIbTATbI 

AHajiH3 nocjie^OBaTejibHOCTH, KO^npytomen SLP 
b reHOMe MHKpocnopH^HH P. locus tae 

no ^aHHbiM reHOMHoro npoeKTa, (J)epMeHT coctoht H3 491 aMHHOKHCJiOT- 
hoto ocTaTKa (54 K/],a). AHajiH3 ^OMeHHOH CTpyKTypbi c noMombio cepBnca 
Pfam BbiABHJi b cocTaBe GeJiKa HHrnGHTopHbiH «inhibitor 19» £OMeH h (J>yHKu,H- 
OHajibHbifi ,aoMeH «Peptidase_S8», onpeaejunomHH aKTHBHOCTb 6ejiKa, KaK 
cy6THJiH3HH-no^o6Hon cepHHOBOH npoTea 3 bi (pHc. 1, a ). OueHKa HajiHHHa y 
6ejiKa CH c noMombio cepBepos SignalP 4.0, TargetP h PrediSi MJia oTpnua- 
TejibHbiH pe3yjibTaT. O^HaKO npOBe^eHHbiii aHajiH3 5'-(|)jiaHKHpyK)meH oGjiac- 
th reHa BbmBHJi b toh >Ke paMKe CHHTbreaHHfl eme ^Ba MeTHOHHHOBbix ocTaTKa, 
HTO n03B0JlHJ10 npe^nOJlO^CHTb, HTO (J)epMeHT MHKpOCnOpH^HH MO^CeT B ,aeHCT- 
BHTeJlbHOCTH COCTOflTb H3 515 HJ1H 529 BMHHOKHCJIOT (pHC. 1, 6). npH 3T0M BCe 
TpH HcnoJib3yeMbix cepBepa bbuibjijijih HaJiHHHe CU y ,zjaHHbix nocjie^OBaTejib- 
HOCTeii. 
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Piic. 2. OT-FII4P aHajiH3 reHOB SLP (a) h reKCOKHHa3E>i ( 6 ) P. locustae. 

1 — k£HK cTa^HH BHyTpHKJieTOHHoro pa3BHTHa, 2 — o6paTHaa TpaHCKpnnTa3a He 6biJia aoOaBJieHa b cMecb 

ana cHHTe3a kRHK CTaaHH BHyTpHKJieTOHHoro pa3BHTHfl (KOHTponb), 3 — k^HK cnop, 4 -oOpaTHafl ipaHC- 

KpnnTa3a He 6bina ao6aBJieHa b CMecb ana CHHTe3a k/IHK cnop (KOHTponb), 5 — MapKepbi MoneKynapHoro Beca. 

Fig. 2. RT-PCR analysis of SLP (a) and hexokinase (6) P. locustae genes. 


CpaBHHTejibHbiii aHanH3 TpaHCKpHnuHH reHa SLP 
n ORHoro H3 ceKpeTOpHbix 6enKOBP. locustae 
b cnopax n CTa^nax 
BHyTpHKJieTOHHoro pa3BHTH5i napa3HTa 

J\nn Toro htoGbi onpe^euHTL Ha KaKon CTa^nn >KH3HeHHoro ujiKJia MHKpo- 
cnopn^nn npOHCxo^HT TpaHCKpnnijHJi reHa, Ko^npyiomero SLP, 6bur npoBe- 
^eH OT-niJP aHanH3 TpaHCKpnnTOMa P. locustae , BbmejieHHoro H3 cnop h CTa- 
^hh BHyTpHKJieTOHHoro pa3BHTH^ napa3HTa c Hcnojib30BaHHeM npanivtepOB k 
cooTBeTCTByiomeMy reHy. AHajiornHHbin aHanH3 TaK>Ke 6bui npOBe^eH Rnn 
reKCOKHHa3bi P. locustae , KOTOpaa, KaK 6bijio paHee npo,aeMOHCTpHpOBaHHO, 
ceKpempyeTca Mmcpocnopn^nen b KJieTKy xo3flHHa (Senderskiy etal., 2014). 
TpaHCKpnnTbi, Ko^npyiomne reKCOKHHa3y, o6Hapy>KHBajincb ranbKO b CTa^n- 
ax BHyTpHKJieTOHHoro pa3BHTH^ P. locustae , OTcyTCTBya npn 3tom b cnopax 
(pnc. 2, 6), Tor^a KaK TpaHCKpnnTbi, KO^npyiomne SLP, 6bmn o6Hapy^ceHbi 
KaK b cnopax, TaK n b CTa^nax BHyTpHKJieTOHHoro pa3BHTra MHKpocnopn^nn 
(pnc. 2, a). 


riojiyneHne a ht n t e ji k H3ynaeMOMy 6ejiKy 

JX jih nojiyneHHH aHTHTeji k SLP P. locustae 6biJia ocymecTBJieHa reTepojio- 
raHHaa 3Kcnpeccna nocjie^OBaTejibHocra, KO^npyiomen SLP, 6e3 CTI b 6aKTe- 
prax E. coli. TeH 6mji aMnjiH^HijHpOBaH c noMombio niJ,P h KJiOHnpOBaH b 
B eKTOpe ji jui GaKTepnajibHon 3Kcnpeccnn pRSET A. 3to no3BOJiHJio Hapa6o- 
TaTb peKOM6HHaHTHbin 6ejiOK b burc HepacTBOpnMbix GejiKOBbix BKJnoneHHH n 
pa3pa6oTaTb cxeMy ero ohhctkh b ^octbtohhom KOJinnecTBe rjm mvnviyHraa- 
u,nn KpojinKOB. Llocjie TpexKparaoro ijHKJia nMMyHH3an,nn y kpojihkob 6buia 
OTo6paHa KpOBb, n3 KOTOpon 6buia nojiyneHa CbmopOTKa, co^ep^ama^ Heo6- 
xo^HMbie aHTHTejia. 
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Piic. 3. HMMyHonoKajiinauiifl cy6THJiH3HH-no^o6HOH npoTeHHa3bi P. locustae c noMoujbio HMMy- 

Ho6jioTHHra. 

a — BecTepH-6noT aHajiH3 6enKOB cnop h ct3^hh BHyTpHKJieTOHHoro pa3BHTHH P. locustae c aHTHTenaMH, no- 
jiyneHHbiMH npoTHB SLP MHKpocnopmiHH, noKa3aji cneuH(J)HHHoe HaKonneHne (JjepMeHTa (59 kJXz) b HepacTBo- 
Phmoh (JtpaKUHH roMoreHaTa cnop. Cnopbi b pacTBOpe, coaepacameM 50 mM Tris-Cl (pH8.0) h 0.3 M caxapo3y, 
pa3pyiuann BCTpnxHBaHneM co CTeKJiHHHBiMH OycaMH, h roMoreHaT ocBeTnnnn neHTpu^yrnpoBaHneM npn 
100 g 10 mhh. J^opoKKa 1 — HepacTBOpHMBin aeOpnc (oca^oK) nocne ocBeTneHun roMoreHaTa; ^opo^KKa 2 — 
ocBeTJieHHBin roMoreHaT; aopoacKa 3 — OejiKH CTaann BHyrpHKneTOHHoro pa3BHTnn MHKpocnopmuiH, BBi/ie- 
neHHBix b rpa^neHTe nnoTHOCTH IlepKonna. 6 — BecTepH-6noT aHajiH3 6ejiKOB3apa>KeHHoro >KHpoBoro Tena ca- 
paHHH c aHTHTenaMH, nonyneHHBiMH npoTHB SLP MHKpocnopn^HH, noaTBepann HaKonneHne $epMeHTa 
(59 K/^a) b HepacTBOpHMOH (JjpaKUHH roMoreHaTa, coaepacamero cnopBi h kjictkh napa3HTa. OTnpenapupoBaH- 
Hoe3apa>KeHHoe >KHpoBoe Teno mhtko pa3pyuiajin b (J)oc(J)aTHO-cojieBOM 6y(J»epe TecjjnoHOBBiM necTHKOM, oca>K- 
.nann napa3HTOB npn noMomu hh3kockopocthoto ueHTpH(J>yrHpoBaHnn npn 100 g, 10 mhh (oca^oK HaHeceH Ha 
^opo>KKy 1), aonojiHHTejiBHO neHTpHt^yrnpoBajiH npH 14 000 g 20 mhh h ocaaoK (.nopoacKa 2), pecycneH^npo- 
BaHHBiH b <J>CE ao o6beMa cynepHaTaHTa (aopoacKa 3), aHanH3HpoBajiH c noMomBio HMMyHoOnoTTHHra. 

Fig. 3. Immunolocalization of P. locustae subtilisin-like protease with the use of immunoblotting. 


JIoKajiH3aunfl SLP b CTa/iHux ^H3HeHHoro UHKJia napa3HTa 
h kjt e tk ax 3apaaceHHoro acHpOBoro Tejia 

J[nn Toro hto6h oueHHTb, Ha KaKOH CTa^HH )KH3HeHHoro UHKJia MHKpocno- 
Phahh 3KcnpeccHpyeTC^ H3ynaeMbiH 6enoK h xEnnejcn jih oh ceKpeTHpyeMbiM, 
GejiKOBbie npo6bi, npHroTOBJieHHbie b OTAeJibHOCTH H3 cnop h CTa^HH BHyTpH¬ 
KJieTOHHoro pa3BHTH>i P. locustae , 6bijih npoaHajiH3HpOBaHbi c noMombio hm- 
MyHo6jiOTHHra c Hcnoub30BaHHeM nojiyneHHbix aHTHTeji. EbiJio noKa3aHO, hto 
6ejiOK, cooTBeTCTByiomHH npeACKa3aHHOMy MOJieKyjmpHOMy secy, HaKanjiHBa- 
QTcn TOJibKO bo c|)paKUHH HepacTBOpHMoro roMoreHaTa cnop, nojiHOCTbio ot- 
CyTCTByH B CTaAHflX BHyTpHKJieTOHHoro pa3BHTHfl MHKpOCnOpHAHH (pnc. 3, a). 
AHajiH3 SeJiKOB 3apa>KeHHoro >KHpOBoro Tena capaHHH TaK>Ke noKa3aji npncyT- 
CTBHe cy6THJiH3HH-noAo6HOH npoTeHHa3bi napa3HTa Jinnib b oca^Ke nocne 
HH3KOCKOpocTHoro ueHTpH(J)yrHpOBaHHn roMoreHaTa TKaHH xo3nnHa, coAep- 
ncamero CTa^HH BHyTpHKJieTOHHoro pa3BHTHn h cnopbi napa3HTa, ho He b uh- 
Tonna3Me HHBa3HpOBaHHbix KJieTOK (pnc. 3, 6 ). TaKHM o6pa30M, 6bino noKa3a- 
ho, hto SLP MHKpocnopHAHH P . locustae HaKanjiHBaeTcn HCKJHOHHTenbHo b 
cnopax napa3HTa h He ceKpeTHpyeTcn hm b uHTonjia3My KJieTKH xo3^HHa. 


343 



a 

12 3 4 


6 

12 3 4 



66 — 


45 — 
35- 


45 — 
35 


Pile. 4. Pe3yjiE>TaTE>i reTeponorHHHOH 3KcnpeccHH cy6THJiH3HH-no^o6iiofi npoTeiiHa3E>i P. locustae b 

jtpoaoKax Pichia pastoris. 

a — BecTepH-6noT aHajiH3 pe3yjiBT3TOB 3KcnpeccHH SLP P. locustae b P. pastoris noKa3an, hto $epMeHT mhk- 
pocnopn^HH (59 K^a) HaKannuBaeTca b apoaoKeBbix KJieTKax h He BbmejifleTca b KyjibTypajibHyio cpe/iy. 1 — 
^po>K>KeBbie KJieTKH ao ao6aBJieHHH MeTaHOJia; 2 -kjictkh, SKcnpeccupyiomne reTepojiorHHHbiH OejioK nocne ^o- 
6aBJieHHJi MeTaHOJia b KanecTBe HHayKTOpa SKcnpeccnn; 3 — apoaoKeBbie kjictkh, SKcnpeccnpyiomne ^pyrofi 
( KOHTpojibHbiH ) 6enoK napa3HTa nocne ao6aBJieHHa b epeay MeTaHOJia; 4 — CKOHiieHTpupoBaHHan b 50 pa3 
KynbTypanbHaa cpe/ia nocne npoTeHHa3bi P. locustae ; 5 — CKOHiieHTpupoBaHHaa b 50 pa3 KyjibTypanbHan epe^a 
nocjie 3KcnpeccHH apyroro (KOHTpojibHoro) 6ejiKa napa3HTa. 6 — HMMyH0Ji0KajiH3aunji SLP P. locustae , 3Kcn- 
peccupoBaHHOH b P. pastoris. Apo>K>KeBbie kjictkh nocne 3KcnpeccHH pa3pyiuajin b npucyTCTBHn 0.3M caxapo- 
3bi h roMoreHaT, ocBeTJieHHbifi npn 270 g 4 mhh, ueHTpHtJiyrHpoBajiH npn 14 000 g 20 mhh. IlMMyHo6jioTHHr 
cynepHaTaHTa (aopo>KKa 1) h oca^Ka (aopoauca 2) noKa3an ocaacaeHne $epMeHTa (59 kJ\z), hto cBimeTenbCTBy- 
eT o ero cbji3h c MeMOpaHHbiMH CTpyKTypaMH .apoaoKen. ^opo>KKH 3 h 4 npe^cTaBJunoT aHajiornHHbie cynepHa- 
TaHT h oca^oK nocne pa3pymeHHJi h ueHipHt^yrHpoBaHHfl kjictok, SKcnpeccupyiomux LRR-6ejioK ceMeficTBa B 

(KOHTpOJlbHblH 3KCnepHMeHT). 

Fig. 4. Results of heterologous expression of P. locustae subtilisin-like protease in the yeast Pichia 

pastoris. 


reTepojiorHHHaji OKcnpeccHJi SLP 
b KJieTKax Ap 03 K 5 Keii Pichia pastoris 

J\nn oijeHKH bo3mo>khocth nocTynjieHHJi (JiepMeHTa c CII b ceKpeTOpHbiii 
nyTb Apo^c^ceBbix kjictok noaneAOBaTejibHOCTb reHa, KOAHpyiomaa nojiHOpa3- 
MepHyio MOJieKyjiy SLP c o6Hapy)KeHHbiM HaMH AonojiHHTejibHbiM N-KOHii,e- 
bhm yqacTKOM, GbiJia BCTpoeHa b BeKTOp pPlC3.5, npeAHa3HaHeHHbiii rim 
BHyTpeHHefi aKcnpeccHH 6cjikob b KJieTKax P. pastoris. BecTepH-6jiOT aHajiH3 
Apo}K^ceBbix KJieTOK h KOHu,eHTpHpOBaHHOH KyjibTypajibHOH >khakocth nocjie 
reTepojiorHHHoii 3KcnpeccHH noKa3aji, hto, KaK h o>KHAajiocb, npOTewHa3a 
MHKpocnopHAHH He ceKperapyeTca P. pastoris bo BHeniHioio epe^y, a HaKan- 
jiHBaeTC5i BHyTpH KJieTOK (phc. 4, a). Pa3pymeHHe Apo>K>KeBbix KJieTOK b npH- 
cyTCTBHH 0.3 M caxap03bi nocjie 3KcnpeccHH npOTeHHa3bi h nocjieAyiomee 
H,eHTpH(J)yrHpOBaHHe roMoreHaTa npH 14 000 g 20 mhh noKa3ajiH, hto 4>ep- 

MeHT MHKpOCnOpHAHH nOJIHOCTblO OCa>KAaeTC5I B MeM6paHHOH (jjpaKU.HH, OT- 
cyrcTBya bo (fjpaKUiHH u;HTonjia3MaTHHecKHx 6ejiKOB, hto CBHAeTejibCTByeT o 
ero BepOHTHOM nocTynjieHHH b ceKpeTOpHbiii nyTb P. pastoris (pnc. 4, 6). 


OBCY^CAEHHE 

06Hapy>KeHHe Ha N-KOHije cy6rajiH3HH-noAo6Hoii npOTeHHa3bi P. locustae 
AonojiHHTejibHoro ynacTKa, cooTBeTCTByiomero cnniajibHOMy ceKpeTOpHOMy 
nenTHAy, h HajiHHHe b cocTase 6ejiKa peryjwTOpHoro HHrH6Hpyiomero AOMeHa 
(pnc. 1, a, 6) no3BOJweT npeAnojio^cHTb, hto aKTHBHbift (JjepMeHT MO^ceT ceKpe- 
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THpOBaTbca MHKpocnopn^nen b KJieTKy xo3«HHa. KaK noKa3aji OT-llLfP aHa- 
jih3, TpaHCKpHiiuHOHHafl aKTHBHOCTb SLP P. locustcie Ha6jno,aaeTC5i b cnopax 
(pHC. 2, a ), HTO OTJIHHaeTCH OT OCoGeHHOCTefi TpaHCKpHmj,HH OOTOrO H3 4>ep- 
MeHTOB MHKpocnopHAHH, ceKpeTOpHaa npnpo^a KOTOporo 6biJia npo^eMOHCT- 
pHpOBaHa paHee — reKCOKHHa3bi. TpaHCKpnnu,nfl ototo reHa nponcxoAHT 
TOJIbKO B CTa^HHX BHyTpHKJieTOHHOTO pa3BHTHfl (pHC. 2, 6). 

C noMombK) HMMyHo6jiOTHHra Gbijio ycTaHOBJieHO, hto SLP CHHTe3npyeTCJi 
n HaKanjiHBaeTC^ TOJibKO b cnopax P. locustae (pnc. 3, a, 6) — HanMeHee aK- 
thbhoh CTa^nn moHemioro umoia napa3HTa, npe,aHa3HaHeHHOH ,zjjiji coxpaHe- 
hha n pacnpocTpaHeHHfl HHBa3noHHoro Hanajia. npn otom SLP HaicanjiHBajiacb 
TOJibKO b HepacTBOpHMon c|)paKUHH roMoreHaTa cnop, oca^cA^cb BMecTe c 
oSojiOHKaMH n KpynHbiMH KOMnapTMeHTaMH n a)Ke npn hh3kockopocthom u,eH- 
Tpn(J)yrHpOBaHHH (pnc. 3, a). Mo>kho Gmjio 6bi npe^nojio^cnTb, hto SLP abjia- 
eTCJi MeMGpaHHbiM GejiKOM n accounnpOBaHa, HanpHMep, c o6ojiohkoh cnopbi, 
OOTaKO aHajiH3 nocjie^OBaTejibHOCTH GejiKa He BbiflBHJi b ero cocTase TpaHC- 
MeMGpaHHoro ^OMeHa. TaKHM o6pa30M, HanGojiee Bepo*rmo, hto Hajinnne y 
6ejiKa CIl cjiy^cm He ^jih HanpaBJieHra (J)epMeHTa 3a npe^ejibi KJieTKH, a rjih 
ero TpaHcnopTa b KaKon-jinGo KOMnapTMeHT cnopbi, a HHrnGnpyiomHH jxomch 
npe^Ha3HaHeH ,zyiji coxpaHeHna (J)epMeHTa b HeaKTHBHOM coctoahhh ^o ero 
npn6birafl Ha MecTO Ha3HaneHH^. Bo3mojkho TaK)Ke, hto SLP P. locustae yna- 
CTByeT b npoijecce 3KCTpy3HH cnop, n npOTeojinTHnecKaa aKTHBanna (J>epMeH- 
Ta MO^ceT nponcxo^HTb bo BpeMH aKTHBaunn 3Toro npouecca. Tpynnon KHTan- 
ckhx nccjie^OBaTejien 6 biji BcecTOpOHHe H3yneH roMOJior SLP y ^pyroro sn^a 
MHKpocnopn^nn Nosema bombycis. HecMOTpa Ha to hto ^aHHbin bur MHKpo- 
cnopHAHH othochtca k 3bojhou;hohho yzjajieHHon ot P. locustae KJia^e, h ro- 
MOJiorna Me^y aMHHOKncjiOTHbiMn nocjie,a;oBaTejibHOCTflMH SLP y RByx bh- 
rob cocTaBJi^eT Bcero 39 %, o6a 6ejiKa ^eMOHCTpnpyiOT cxo>Kyio CTpyKTypy h 
cneu,n(])HHHO HaKamiHBaiOTCfl b cnopax (Dang et al., 2013). npn 3 tom b coera- 
Be SLP y Ni bombyces , KaK n y P. locustae , ^ocTOBepHO BburejiaeTCfl Cn, a TaK- 
>Ke HHrn6npyK)mnn n KaTajiHTHHecKnn ^OMeHbi. 

Ein,e o^hhm (JiaKTOM, no^TBepJKzjaiomHM HaJinnne Ha N-KOHue y cy6THJin- 
3HH-no,ao6HOH npOTenHa 3 bi MHKpocnopn^nn P. locustae Cn, xBmeTCH no- 
CTynjieHne yzyinHeHHon (J)opMbi (J)epMeHTa b ceKpeTOpHbin nyTb ^po^c^ceBbix 
KJieTOK. PaHee Mbi npo^eMOHCTpnpOBajin, hto ceKpeTOpHbin annapaT ^po^c^cen 
cnoco6eH pacno3HaBaTb ceKpeTOpHbie GejiKH MHKpocnopn^nn n Bbi^ejniTb nx 
KyjibTypajibHyio cpe^y (Senderskiy et al., 2014). KaK n o^cn^ajiocb, b 3Kcnepn- 
MeHTe c SLP ^aHHbift 6eJiOK He ceKpeTHpoBaJica b KyjibTypajibHyio cpe^y, Ha- 
KanjiHBaHCb TOJibKO b £po>K>KeBbix KJieTKax (pnc. 4, a), flpn 3 tom mbi npo^e- 
MOHCTpnpOBajin, hto (J)opMa SLP P. locustae c Cn noJiHOCTbio OTcyTCTByeT b 
n,nTonJia3MaTHHecKon (J)paKu;nn ^po^c^ceBbix KJieTOK n oca^aeTca BMecTe c 
BHyTpeHHHMn KOMnapTMeHTaMH npn u,eHTpn(J)yrnpOBaHHH (pnc. 4, 6). 

HecMOTpfl Ha to hto npe^noJio^ceHne o HaJinHnn Ha N-KOHue cy6THJin- 
3HH-no^o6Hon npoTeHHa 3 bi MHKpocnopn^nn P. locustae cnrHaJibHoro ceKpe- 
TopHoro nenTH^a no^TBep^nnocb, reTepoJiorHHHaa OKcnpecc™ h HMMyHOJio- 
KajiH3au,H5i ^aHHoro 6ejiKa noKa3aJin oTcyTCTBne ero ceKpeunn b KJieTKy xo3^- 
HHa n cneu,n(J)nHecKoe HaKonJieHne (|)epMeHTa b cnopax napa3nra. TaKHM 
o6pa30M, cpe^n MHoroo6pa3Hfl ceKpeTOpHbix 6 cjikob MHKpocnopn^nn ^o cnx 
nop He 6buio BbWBJieHO hh orhovo npOTeoJinTHnecKoro (^epMeHTa, ceKpeura 
KOTOpbix xapaKTepHa ,aJi^ npe^CTaBHTeJien .apyrnx rpynn BHyTpnKJieTOHHbix 


345 


napa3HT0B. B03M0)KH0, 3T0 CBH3aH0 CO CJIO)KHOCTbK) B3aHMOOTHOIlieHHH MHK- 
pocnoptHHH c 3apa>KeHHOH KJieTKoii, KOTopbie MorjiH 6biTb HapymeHbi achct- 
BHeM Hecneu;H(J)HHecKHx npoTea3. OcoSeHHO oto othochtch k tukhm BH^aM 
MHKpocnopH^HH, KaK P. locustae , pa3BHBaiomHMCH b np^MOM KOHTaKTe c u;h- 
Tonjia3Moft KJieTKH xo3«HHa 6e3 o6pa30BaHHH napa3HTO(J)opHOH BaKyoJin, no- 
TeHUHajibHo ciiocoShoh 3amnTHTb 3apa^ceHHyio KJieTKy ot no,ao6Horo BO3^e0- 
ctbhh co CTOpOHbi napa3HTa. 
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SUMMARY 

Peculiarities of the expression, localization, and structure of the subtilisin-like protea¬ 
se from the microsporidium Paranosema locustae , a parasite of the migratory locust and 
other orthopteran species, are analyzed. Heterologous expression of the microsporidian 
ferment in the bacterium Escherichia coli allowed obtaining antibodies to the recombinant 
protein and to start its examination. In spite of the presence of the N-tail signal peptide in 
the ferment, potentially able to secret it into the cytoplasm of the infected cell, immuno- 
blotting with obtained antibodies had demonstrated specific accumulation of the protease 
in the insoluble fraction of spore homogenate. At the same time, the ferment was absent in 
intracellular stages of the parasite and also in the cytoplasm of infested host cells. Accu¬ 
mulation of mRNA, coding the studied protein in microsporidian spores was confirmed 
with the use of RT-PCR method. Heterologous expression of the protease in the methylo- 
trophic yeast Pichiapastoris demonstrated the same result. The ferment of P. locustae was 
not secreted into a culture medium and was absent in the cytoplasm of yeast cells, accumu¬ 
lating in a dissoluble (membrane) fraction of the homogenate. On the whole, the obtained 
data testify to the fact that the subtilisin-like protease of P. locustae plays an important role 
in the physiology of spores rather than participates in host-parasite relations during intra¬ 
cellular development. 
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